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(57)Abstract: 

PROBLEM TO BE SOLVED: To eliminate the need for a differential 
amplifier for reading data out by equalizing a bit line couple through a 
charge equalization switch right before data written in the memory cell 
are read out through the bit line pair. 

SOLUTION: The memory cell 10 having the single-line read-back 
function is built in a digital micromirror element(DMD) 40 which forms a 
spatial optical modulator. In this cell 10, desired data are written through 
a latch 14 and the bit lines 16 and 18 of the bit line pair. To read the 
data out of the cell 10, a control part 46 turns on the transistor 50 of 
the charge equalization switch to equalize the bit lines 16 and 18, the 
storage capacity of the cell 10 are stabilized, and the data are read out 
by using an ordinary amplifier, thereby eliminating the need for a 
differential amplifier which has large occupation area and is large in 
power consumption. Consequently, the memory cell with the single- line 
read-back function is obtained which is used suitably for a DMD type 
spatial optical modulator. 
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Japan Patent Office is not responsible for any 
damag s caused by the us of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim 1] semiconductor accumulation equipment it is - : it combines with the bit line and the; aforementioned bit 
line of a couple which were combined with at least one memory cell and the; aforementioned memory cell having 
the charge on the aforementioned bit line - alternative - etc. -- the aforementioned semiconductor accumulation 
equipment containing the memory read-out equipment for being combined with one of the equipment for value-izing,;, 
and the aforementioned bit lines, and reading the contents of the aforementioned memory cell 
[Claim 2] It is the operating method of the memory cell combined with the bit line of a couple, loads to the :a 
aforementioned memory cell via the aforementioned bit line, and is;. 

b) The aforementioned method including a procedure of reading the contents of the aforementioned memory cell by 
equivalence-izing the charge on the aforementioned bit line, and sensing; and the aforementioned bit line of the method 
of c only. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] Generally, this invention relates to a semiconductor accumulation 
memory apparatus, and relates to the space optical modulator which has the memory cell related [ which is related and 
pixel-arranges ] still in detail, and its operating method. 
[0002] 

[Description of the Prior Art] A semiconductor accumulation memory apparatus is typically manufactured as a large- 
scale array of a memory cell. Each of these memory cells is the thing of the form known static at any time as a memory 
(DRAM) cell which can be read [ write-in ] the memory (SRAM) which can be read [ write-in ], or dynamic at any 
time. The composition format of a memory apparatus continues and improves about high-speed read-out / write-in 
access time, and the manufacture of a memory apparatus which exceeds 4 megabits in the amount of memory in the 
manufacture device which can be purchased is possible. 

[0003] A memory apparatus can usually load data to each memory cell of an array individually (writing), and it is 
designed in order to check that data have been surely loaded in a memory cell again, and so that it can read 
individually. In order to offer this read-out function, in the memory cell array based on the typical conventional 
technology which is illustrated by drawing J , the differential amplifier combined between two bit lines which supply 
data to a memory cell like the typical 6 transistor SRAM cell shown by 10 as a whole is used. The SRAM cell shown 
in drawing 1 is loaded by supplying logic 0 or 1 from the load line 12, and this signal is changed into a differential 
signal by the transparency latch shown by 14. This differential data is given to the bit line of the couple indicated to be 
16 and 18 below. In the selected memory cell 10, this differential data is loaded by carrying out bias (addressing) to 
each MOS passage transistor of the couple shown by 20 as a whole. Bit lines 16 and 18 usually send data to some 
memory cells 10. If a transistor 20 is un-flowing after that, it was stored, the data was saved so that two inverters 22 
might be put and passed into a memory cell, and the content appears in Nodes Q and Q (bar). Then, in order to read the 
content of the selected memory cell, latch 14 is first made into an invalid state, and let it be tri-state mode. Next, the 
content of the memory cell to which each of the passage transistor 20 was again considered as the flow, and addressing 
was carried out by this is offered on bit lines 16 and 18. It connects with these bit lines and the input of the differential 
amplifier 24 changes the content of differential memory into the single line shown by 26. 
[0004] 

[Problem(s) to be Solved by the Invention] Although the design of this conventional technology is enough to enable 
high-speed read-out and write-in operation, in order to enable read-out operation, the fault of this design is using the 
differential amplifier, and needs the remarkable latus field on a semiconductor accumulation element, and consumes a 
lot of power. 

[0005] with a space optical modulator especially Texas Instruments, Texas Dallas, and a digital minute mirror element 
(DMD) that is come out of and manufactured, the array of a memory cell is incorporated into the semiconductor 
accumulation SLM element In DMD, it is manufactured after that a high-density minute mirror arranges [ memory 
cell ]. Each memory cell is related with one or more mirrors, and the content of a memory cell determines the deviation 
state of a minute mirror where it was related at the time of addressing of the mirror being carried out, by this. Both the 
linear array of a pixel and the field array are developed now. The size of a minute mirror including a SLM array is 
present about 17-micrometer square, and is realized by 1,000x2,000 pixels in 64x7,056 pixels and the field array at the 
linear array, furthermore — being detailed — DMD — being related — explanation — and — them — being related - 
electrostatic — hard copy — a printing machine — and — large-sized — a screen — television — an application — being 
related - U.S. Pat. No. 5,061,049 ~ Horn - Beck - giving - having had ~ a name - " - space - an optical modulator 
- and - the - a method - " - U.S. Pat. No. 5,079,544 - DEMONDO - others - giving - having had - a name - " - 
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a standard -- digitization - video -- a system -- " -- and Each patent is transferred to the same assignee as this 
invention, and each place to teach is incorporated as reference also here. 

[0006] DMD is peculiar SLM, and after that the memory cell to which a movable pixel mirror relates here, and a 
control circuit arrange, it is actually manufactured. Since the size of these pixel elements is small, the size of a 
corresponding memory cell and a control circuit needs to be small similarly. In order to perform the diagnostic 
examination of a memory cell, data are loaded to these memory cells at first, and it reads in order to check that the 
memory cell is functioning succeedingly. However, since the size is small again, if it is specified as a DMD element, 
and peculiar arrangement tends to make easy read-out operation of all memory cells using a series of conventional 
differential amplifier, the too large field of a circuit will be consumed and a lot of power will be consumed. 
Furthermore, when the differential amplifier manufactured becomes complicated, the increase of possibility that a 
defect will arise during manufacture, and this have a possibility of decreasing the productivity of an element, therefore, 
the thing to which are the technology which makes read-out of a memory cell possible, and a related circuit, reduce the 
complexity and the required wafer field of a circuit, and productivity is made to increase - SLM ~ and [ especially ] it 
is useful for DMD form 
[0007] 

[Means for Solving the Problem] The technical feature of this invention is a memory cell possessing single bit line 
rereading structure. The need for the differential amplifier is lost according to this structure. Furthermore, the data 
transfer gate of the possibility of the memory cell change state at the time of opening between under a certain 
conditions (for example, a memory cell and a bit line) is lost. 

[0008] this invention also includes offer of the single input buffer connected only to one bit line. In order that the stray 
capacity accumulated on the bit line may avoid possibility of changing a memory cell state carelessly, the charge 
transfer gate possesses between two bit lines. Although this charge transfer gate operates after loading of a memory 
cell and the charge on a bit line is equivalence-ized, it is carried out, before the transfer gate next operates and the 
content of a cell is read. Before reading the content of a ** cell with desirable this switch and n channel MOS 
transistor, the charge on a bit line is distributed equally. The memory cell passage gate is again operated by supposing 
un-flowing this charge transfer gate with the transparency latch for loading to the memory cell supposing tri-state 
quantity impedance mode, and a bit line is provided with the content of a memory cell. Next, the single input amplifier 
connected to one bit line is sensed by the control circuit, and the content of a memory cell is checked. In this invention, 
a small number of transistor is only needed more as compared with the memory cell incorporating the differential 
amplifier. In addition, the stability of a memory cell is strengthened, and still more efficient arrangement is enabled to 
the spatial restrictions demanded by DMD, and an improvement of productivity is offered. 
[0009] Although the memory cell structure based on this invention conforms ideal for the DMD form SLM, this 
conforms ideally also to all the equipments that read-out operation of a memory cell wrote in again, and incorporated 
the array of the memory cell of cycle operation performed enough behind. A paraphrase does not read the contents of a 
memory cell during the period conventionally known as a "critical data cycle." The speed in the present design is 
enough to use it with a DMD element. In typical DMD operation, the charge on a bit line is equivalence-ized and there 
is time of enough to read these bit lines in an examination sequence with single input-buffer amplifier continuously. 
[0010] For example, if logic" 1" is loaded in a memory cell, Q node of a memory cell is loaded by +5 volts, and Q (bar) 
should become 0-volt potential. If an equivalence-ized transistor operates, the suspension charge on both bit lines will 
be middle, and will be about equivalence-ized by average voltage, for example, +2.5 volts. Therefore, a bit line is 
stabilized in charge before rereading of a consecutive memory cell. If a passage transistor operates after that, since 
each bit line will only change to one direction or its opposite direction 2.5 volt of **, it prevents that a memory cell 
changes a state carelessly. 

[Embodiments of the Invention] A space optical modulator like the DMD form manufactured in Texas Instruments of 
Texas Dallas is shown to the example to which this invention shown in drawing 2 was submitted by 30 as a whole. It 
turns out that SLM30 contains write-in read-out memory (SRAM) formula static at any time conventionally which is 
shown by 10 as a whole. This SRAM memory cell 10 consists of six transistors, and is manufactured using CMOS, 
NMOS, or PMOS technology. The basic element of a memory cell 10, related connection, and operation attach the 
same reference number as the element same here already explained with reference to drawing!, in the place of the title 
"the background of invention." 

[0012] The electrode of a couple shown by 32 and 34 is connected to Q and Q (bar) of a memory cell 10 through the 
electrode etching lines 36 and 38 of a couple, respectively. It is related that the torsion minute mirror 40 and dotted line 
which can be deflected show each pixel of SLM30, and this is deflected under control as a function of the potential on 
these address electrodes 32 and 34. Cross-reference is made to the name" space optical modulator given to U.S. Pat. 
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No. 5,061,049 and Horn Beck and its method", and this explains the detail of operation of the pixel of DMD form. 
Although SLM30 is illustrated in drawing 2 so that it may have a single pixel containing a mirror 40 the purpose of 
illustration, and in order to make it clear, typical SLM30 has thousands of mirrors 40, memory cells 1 0, and related 
circuits. 

[0013] The pixel data which should be loaded in a memory cell 10 are offered on the load line 42, and this continues 
and is connected to the input of a shift register 44. This data is loaded with the clock of a controller 46 in a shift 
register 44, and, finally is carried forward by line 48 course to the input D of the transparency latch 14. Latch 14 
operates on tri-state conditions by line 68 course from a controller 46. If the latch 14 is required, it will offer the level 
conversion of this data and will provide bit lines 16 and 18 with truth and complementary data in a differential form. 
Since this differential data is loaded to a memory cell 10 from bit lines 16 and 18, a controller 46 writes in the passage 
transistor 20 and a line 52 and this consider a signal as a flow by connecting with the gate of the passage transistor 20 
upwards, and providing. In this write-in signal, the transistor 20 after an end of this pulse returns to non-switch-on 
including one pulse suitably, it is latched to the portion of Nodes Q and Q (bar), and the content of memory is held so 
that an inverter 22 may be put and passed. 

[0014] According to the example to which this invention was submitted, SLM30 possesses the equivalence-ized switch 
transistor 50 further. A transistor 50 is a N channel MOS transistor suitably, and it is connected so that a source 
terminal may be connected to a bit line 16 and a drain terminal may be connected to a bit line 18 among bit lines 16 
and 18. The gate terminal of a transistor 50 is connected to the controller 46 through the control line 54. It makes it 
possible to equivalence-ize stray capacity on a bit line 16 and 18 like, by the thing which are explained short still in 
detail and for which the equivalence-ized transistor 50 is closed, before the content of a memory cell 10 is read, after 
writing in into the memory cell 10 of data. 

[0015] Although the single input-buffer amplifier 56 has the input connected to one bit line and is connected to the bit 
line 1 8 in the submitted example, this is only only selection on the design based on signal level. Although an output 
amplifier 56 is also reversal form, it is dependent on signal level required since this is also sensed. The output of 
amplifier 56 is read through a signal line 58, and is connected to Q input of a shift register 60. Through the control line 
62, a controller 46 supplies a clock pulse to a shift register 60, when read-out of the content of a memory cell 10 is 
required, and finally the content of memory is shifted by this to an output line 64. When data are not loaded in the 
memory cell 10, especially, it explained exactly, and reads and a controller 46 changes the Q and Q (bar) output into a 
non-operative state for the transparency latch 14 as high impedance tri-state conditions by control-line 48 course 
during the cycle. 
[0016] 

[Example] The feature and special feature of SLM30 can understand further by explaining the writing and read-out 
cycle in which the memory cell 10 was illustrated. A timing chart and drawi ng 3 are explained for the purpose of 
illustration, referring to drawing 2 . 

[0017] In order to load logic" 1" to a memory cell 10 at first, for example, this data is loaded in the load shift register 44 
through an input line 42, and clock delivery is carried out to the output of the register of 44 through a line 47 with a 
controller 46. This register output is supplied to D input of the transparency latch 14 via a line 48, as shown in drawing. 
This logic"!" is expressed by the timing signal 100 of drawing 3 , and the head of this standup of logic" 1" is time Tl to 
D input of latch 14. It is set and supplied. Next, as shown by the timing signal 102, latch 14 is maintained by the 
control line 68 at an operating state, and latch 14 performs the level conversion of input data by this, differential data — 
the bit lines 16 and 18 from the latch terminals Q and Q (bar) — it is alike, respectively, and it is supplied so that it may 
be expressed with the lines 1 04 and 1 06 of drawing J? 

[001 8] Since this logic" 1 " is latched in a memory cell 1 0, a controller 46 is time T2 to a line 52 top and the gate of the 
passage transistor 20 about a clock pulse. It provides so that it may set and may express with the timing line 110. This 
clock pulse makes it flow through both switches or the passage transistors 20 in instant, and connects bit lines 1 6 and 
18 to the nodes Q and Q (bar) of a memory cell 10 by this. Therefore, it is time T2 so that it may be expressed with the 
lines 112 and 1 14 of a timing chart to a memory cell 10. It is set and loaded. If the write-in pulse supplied to a 
transistor 20 is completed, these transistors 20 will be un-flowing again. However, the content of a memory cell 10 
remains in the state where it was latched, and as shown to Nodes Q and Q (bar) by the lines 112 and 1 14 of drawing 3 , 
it is memorized. 

[0019] Next, explanation is continued, referring to drawing 3 , in order to make possible single bit line rereading of the 
memory cell 10 based on the example to which this invention was submitted. Time T3 As it sets and is shown by the 
line 102 of drawing J3 , a controller 46 makes latch 14 tri-state quantity impedance conditions, and a controller 46 
supplies a control pulse to a line 54, and considers the equivalence-ized transistor 50 as a flow in instant so that it may 
be expressed by the line 1 16 of drawing 3 . Although the transistor 50 used as this flow is between two and 
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equivalence-izes residual charge on a bit line 16 and 18, this is because latches 14 are tri-state quantity impedance 
conditions. For example, after [ the passage transistor 20 ] writing in logic" 1" into a memory cell 10 and un-flowing, 
the bit line 16 has still stopped at about +5-volt potential. Conversely, the bit line 18 is still maintaining about 0-volt 
potential. After considering a transistor 50 as a flow in instant, the residual charge between bit lines 16 and 18 
balances, and each bit line has the middle potential of about 2.5 volts on lines 104 and 106 in time T3. Sufficient time 
interval, for example, 1 ms, for a transistor 50 to consider residual charge on a bit line 16 and 1 8 as a balance is flowed 
through it, and, next, this transistor is un-flowing. 

[0020] Next, time T4 A controller 46 sends a pulse to the gate of the passage transistor 20 by line 52 course, and 
considers these as a flow again as it sets and is shown by the timing line 110. When a controller 46 makes the 
transparency latch 14 tri-state mode, the +5-volt potential from the memory cell node Q communicates to a bit line 16. 
Similarly, as the 0-volt potential from the memory cell node Q (bar) is shown in a bit line 1 8 on the timing line 104 and 
106, it is time T4. It sets and communicates. Since bit lines 16 and 18 are charged after having been equivalence-ized 
by +2.5 volts before supplying a read-out pulse to a transistor 20, a memory cell 10 does not change the state. This is 
possibly having produced change, supposing bit lines 16 and 18 read and unbalance charged in front of the pulse. 
[0021] Single bit line memory rereading is possible in the input of the amplifier 54 connected to the bit line 18. The 
output of amplifier 54 is always reflecting the level of a bit line 18, as shown by the timing line 118. The output of 
amplifier 54 is connected to Q input of the read-out shift register 60 through the line 58, and this data is time T5 to an 
output 64. It sets and clock delivery is carried out with a controller 46. The clock pulse supplied on a line 62 from a 
controller 46 is shown in the timing line 120 to the read-out shift register 60. 

[0022] Although it is indicated that the input of amplifier 54 is connected to a bit line 18, if wished, connecting with a 
bit line 16 instead is also possible. In this example, the 0-volt potential in the output section of amplifier 54 
corresponds to reading of logic" 1" from a memory cell 10. Probably, the +5-volt output from amplifier 54 corresponds 
to reading of logic" 1" from the memory cell 10, when the input of amplifier 54 is connected to a bit line 16. 
[0023] One feature of this invention is single bit line memory rereading structure. Before this transmits the content of a 
memory cell 10 to bit lines 16 and 18, it is possible by incorporating the equivalence-ized machine transistor 50 which 
takes the balance of a bit line charge. 

[0024] Another feature of this invention is using only the single input-buffer amplifier 54 instead of the complicated 
and comparatively big differential amplifier, in order to perform read-out operation. Therefore, the more efficient 
circuit array in which SLM like DMD form is specified by spatial restrictions can be realized, and, in addition, a 
productivity improvement in a manufacturing process can be realized further. The time for equivalence-izing bit lines 
16 and 18 first, and changing these bit lines, before writing in the content of a memory cell 10 which a transistor 50 
needs is the grade which can be disregarded in typical test procedure. Typically, a transistor 50 needs only the flow 
time of 1 ms, in order to realize a charge balance. A transistor 50 can use CMOS, PMOS, or NMOS technology, and 
can incorporate it like the passage transistor 20 of a memory cell 10, and an inverter 22. Amplifier 54 can be similarly 
manufactured using technology. 

[0025] Although this invention has been explained about the example to which specification was submitted, many 
change and corrections will become clear by reading this specification to this contractor. Therefore, it has the intention 
of interpreting an attached patent claim as including all such change and corrections in the light of the conventional 
technology as widely as possible. For example, although 0 and 5-volt logical level are adopted, it is also possible to 
adopt other level. Furthermore, it is a case so that much capacity may exist in one line whose equivalence-ized voltage 
of a bit line does not need to be a half in consideration of other designs at the accuracy of the difference between lines 
rather than another side. In the submitted example, although this invention is included in SLM, other memory cell 
arrays and equipment incorporating the same thing can also obtain profits from this invention, and they are also within 
the limits of this invention. Or the cell which is using the few transistor can also be covered by this invention than other 
memory cell structures like a DRAM cell, and a typical 6 transistor SRAM cell. The following terms are further 
indicated about the above explanation. 

[0026] (1) semiconductor accumulation equipment - it is - : - it combines with the bit line and the; aforementioned 
bit line of a couple which were combined with at least one memory cell and the; aforementioned memory cell - having 
- the charge on the aforementioned bit line - alternative - etc. - the aforementioned semiconductor accumulation 
equipment containing the memory read-out equipment for being combined with one of the equipment for value-izing,;, 
and the aforementioned bit lines, and reading the content of the aforementioned memory cell 
[0027] (2) The aforementioned equipment which includes the switch with which the aforementioned charge 
equivalence-ized equipment was combined ranging over the aforementioned bit line in equipment given in the 1st term. 

[0028] (3) The aforementioned equipment with which the aforementioned switch contains a transistor in equipment 
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given in the 2nd term. 

[0029] (4) The aforementioned equipment with which the aforementioned memory cell contains a SRAM cell in 
equipment given in the 1st term. 

[0030] (5) The aforementioned equipment containing the buffer amplifier which requires the input with which the 
aforementioned memory read-out equipment was combined with the method of only of the aforementioned bit line in 
equipment given in the 1st term. 

[0031] (6) The aforementioned equipment containing the space optical modulator by which equipment given in the 1st 
term was further combined functionally with the aforementioned memory cell. 

[0032] (7) The aforementioned equipment combined with the address electrode of the couple to which the 
aforementioned memory cell was located under the aforementioned minute mirror, including the minute mirror in 
which the aforementioned space optical modulator was located on the aforementioned memory cell in equipment given 
in the 6th term. 

[0033] (8) The aforementioned equipment with which the aforementioned memory cell is combined in equipment 
given in the 4th term including the passage transistor of a couple as the content of the aforementioned memory cell 
alternatively placed in one on the aforementioned bit line at each of the aforementioned bit line. 

[0034] (9) Include the switch combined in equipment given in an octavus term so that the aforementioned equivalence- 
ized equipment might straddle the aforementioned bit line, and, for the aforementioned passage transistor, the 
aforementioned switch is the independently controllable aforementioned equipment. 

[0035] (10) The aforementioned space optical modulator containing the memory read-out equipment combined so that 
the content of the aforementioned memory cell might be read to one of the switch combined ranging over the bit line 
and the; aforementioned bit line of a couple which were combined with the memory cell which is a space optical 
modulator and was related with the array of : display element, and each of** for the; aforementioned display, and the; 
aforementioned memory cell,;, and the aforementioned bit lines. 

[0036] (11) The aforementioned space optical modulator containing the buffer which has the input with which the 
aforementioned memory read-out equipment was combined with the method of only of the aforementioned bit line in 
the space optical modulator of the 10th publication. 

[0037] (12) The aforementioned space optical modulator in which the aforementioned memory cell contains a SRAM 
cell in the space optical modulator of the 10th publication. 

[0038] (13) The aforementioned space optical modulator which contains the minute mirror in which at least one 
aforementioned display element was located on the aforementioned memory cell in the space optical modulator of the 
10th publication. 

[0039] (14) It is the operating method of the memory cell combined with the bit line of a couple, and load to the :a 
aforementioned memory cell via the aforementioned bit line.; 

b) The aforementioned method including a procedure of reading the contents of the aforementioned memory cell by 
equivalence-izing the charge on the aforementioned bit line, and sensing; and the aforementioned bit line of the method 
of c only. 

[0040] (15) The aforementioned method performed by carrying out the instant closed circuit of the switch to which the 
aforementioned procedure b was connected between the aforementioned bit lines in a method given in the 14th term. 
[0041] (16) The aforementioned method by which the contents of the aforementioned memory cell are read in a 
method given in the 14th term after the open circuit of the aforementioned switch is carried out. 
[0042] (17) It is the space optical modulator 30 possessing the single bit line rereading structure 54 of DMD form 
which has the related memory cell 10. A memory cell 10 includes the charge equivalence-ized switch 50 containing the 
transistor connected ranging over the bit lines 16 and 18 of a memory cell 10. It reads after a write-in cycle (T2), and 
this charge equivalence-ized transistor 50 is a cycle (T4). It flows in instant in front (T3), and the residual charge on the 
memory cell bit line 1 6 and 18 is equilibrated with it. the time of the contents of a memory cell continuing and being 
read (T4) ****.. these contents of a memory cell are in the state where it does not change It connects, in order that the 
single amplifier 54 may read the contents of a memory cell to one bit line. Single bit line 1 8 rereading structure offers 
still more efficient circuit arrangement to the spatial restrictions demanded by DMD, consumes power fewer than the 
design of the differential amplifier, and, in addition, improves productivity further. 

[0043] Cross-reference is made to the patent application of a connection of the cross-reference following of a related 
specification. 

Serial number Filing date of application 002 A name 08 / 627 01/1 1/93 Pixel control circuit for space optical 
modulators Simultaneous with this case Space optical modulator which reduced the possibility of an ON state deficit 
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1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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